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explanation for failure of reproduction when the animals 
were fed a diet otherwise adequate but containing only a 
limited amount of vitamin ¢, an amount which was, however, 
adequate for scurvy protection and growth, The studies re« 
vealed endometrial hyperplasia in the uteri of these ani« 
mals, similar in appearance to specimens which various worke 
ers observed in human uteri and in experimental guinea pigs, 
rats, and mice injected with estrogen, These findings 
pointed to the possibility that vitamin ¢ is a factor cause 
ing a similar Gisturbanes. No reference has been made to 
hyperplasia in connection with diet. The purpose of this 
| study was to investigate the importance of vitamin ¢ in the 
hypophyseal-ovarian relationehips 

REVIEW OF LITERATURE 


Ho literature was found concerning the direct effect of 
Vitesin C on uterine tissue. The transition from the pseudo 
stratified, actively growing, high columar epithelium of 
the estrin phase to the low columar, moderately regular, 
and quiescent epitheliun of the combined eorpus luteum and 


eatrin phase was stressed by Bureh, Williams and Cunninghen 
(2) in their stugies of the human endometrium, They define 
itely coneluded that the histological appearance of the 
endometriun obtained fron cases of Swles cheese hyperplasia 
are very similar to those found in enimals whieh have been 
injected with the estrin hormones 

The experimental production of an emessive endometrial 
hyperplasia, identical in all macroscopic and mierossovic 
characters with the Swiss cheese hyperplasia of human pathe 
Ology, whieh occurred ins castrated adoleseent chimpanzee 
and in a normal mangabey moniy following a couree of estrin 
injectione was reported by Zuekermann and Horse (11). 

By injecting a series of spayed guinea pigs and rate 
with varying amounts of eatrin over relatively long periote 
of time, Wolfe, Campbell, and Burch (10) found 2t possible 
to produce both glandular and celluler change of hyperplasia 
in the endenetrium in all animals injected, 


Thie experiment was based on cbeervations of more than 
79 female guinea pigs whieh were seeured from three differe 
ent colonies imown to contain animale of cood breeding 
quality, Many of the females were lerger and more mature 
than the email 300 gms guinea pigs often used in vitemin ¢ 


work, especially if vitamin © essay is involved. The ani« 
male were cared for in a laboratory whieh hae been used for 
@ number of years ané found desirable for guinea pig expere 
imental work, The animals lived in large cages, each accom 
modating 3 or 4 females, Presh water and food (vitamin ¢d- 
free diet) were evallable at all timea, 

fhe modified vitamin C-free Giet of Sherman, taller, 
and Campbell (9), fed to all animale, had the following ine 
gredionts: 

Baked skim milk (baked 2 hours - 250°P,) 

Butter fat 

Sait 


ate Mm | 
Wheat bran ) 4 ané 4 by whe 
Ged liver oil 


He 8 nag 


The Gried skim milk powder furnished a good quality 
of protein and the minerals, caleium and phosphorus, leate — 
ing the skim milk powder at @50°P, for 8 hours removed tho 
vitemin CC, Vitemins A and D were provided by the bubter 
fat and cod liver oil, Roughage furnished by the bran and 
eate ware supplemented by generous amounts of filter paper 
which wae kept in the cages at all times, The dict, which 
has been widely used, was show in thie laboratory, {5) to 
be devoid of vitamin ¢ but adequate in all other respects 


\ 


The weighte of the females were recorded daily and used 
to determine the amount of supplement te be fed, and to 
check the stage of ceatrum as the oestrua period is accon= 
panied by @ temporary lose in weight. In the cere and mane 
agement of the animals this information concerning body 
weights was important in securing pregnancy with known ¢opue 
lation age of the embryo. The females were alsc inspected 
Gaily for the presence or absence of the membrane which 
sloses the opening of the vagina curing the dioestrous per= 
log, A fenale was pleced with the male for breeding when 
en open vagina indleated the onset of the period of oestrus, 

The animale were fed the beeal diet an@ greene until 
placed on experiment. The females were usually assigned to 
one of the experimentel groups immediately after successful 
copulation. In e few instances the females continued to 
receive the vitemin Cefree diet plue creens for two weeks 
before being assigned to en experimental group, This was 
done to encourage implantation because there had been diffi«g 
sulty in securing pregnancy, even after successful copulee 
tion. 

Orange julee, frequently used experimentally eas a sup- 
plement to supply vitamin C, wae freshly extracted immediate- 
ly before the daily feedings, The fresh orange julee was 


valued at an average vitamin © content of 0.5 mg. por ml, 
This figure was scoured from mmerous titrations in this 
laboratory, following the method of Sessey and Ming (1) end 
fran average results recently published by Bessey and King © 
—ti), Sack ob.al,, (6), Daniel, Kennedy and Munsell (4) and 
Richardson, Davie and Sullivan (8). There is, of course, a 
possibility that the orange juice may also supply some other 
factor partioularly desirable or undestrable to animals on 
@ limited diet. Crystalline ascorbic acid was therefore fed 
to sone animals to provide a supplement without ea possible 
complicating factor, “Cebione" as sold by Merck was used, 
obtained in the form of 10 mg, tablets, one of which was ase 
@umed to be equivalent in ascorbic acid to 20 ml, of orange 
juice, The animale wore fed the two supplements at two 
leveles 5S ml. and 5 ml. orange juice/S00 gn, body weight, 

The supplements were fed daily, including Sunday, The 
erange juice was measured and fed through a graduated 
pipette, while the ascorbic acid, in tablet form, was fed 
by inserting the required amount into the mouth of the anie 
mai, The animals relished the supplements ené consumed then 
greedily. 

. Negative controle reesiving the basal diet with no 
vitamin © supplement were kept until death cecurred, when 
autopsy was nade and various tiesues preserved for later 


studye 

Positive controls receiving the basal diet plus greens 
ad iibitum were mainteined and killed after about 49 days 
gestation, a period which seemed significant in fetal life 
and comparable to the duration of pregnancy in many animals 
which received limited supplements of vitamin C. 

Host females except the negative and positive controle, 
were given orange julee or ascorbic acid as supplement when 
suecessiul copulation indleated the beginning of pregnancy. 
The experimental groups were: 


= Basal diet {no ) ve con= 
Group supplement) {negati ) 


Group II Basal diet + greens ad libitum (positive 
 gontrols) 

Group IIT oe She 
weight 
Group IV Basal diet + ascorbic = S mle orange 
QM, body weight 

Group V an Gt 9 0 ety ee 
weight 


Group VI Basal diet + ascorbic =“ &S mh. 


The enimals were killed when blee@ing from the vagina 
euggested approaching abortion or the rececurrence of the 
eeatrus cycle after an irregular interval indicated possi- 
ble resorption. Autopsies were made and the uterus pre~ 
served in Bouin's fixing fluid. Transverse ssetions 3 + 12 


mierons thick were made of each horn of the uterus and 
stained in Ehrlich's hematoxylin, 


EXPERIMENTAL RESULS 
Group I (Negative Controls) 

The negative controls receiving no vitamin © supplement 
developed scurvy and died after a period of about 55 days. 
Yarked vaginal bleeding was noted in a number of these ani- 
mals, Although they were on experiment for a period extend- 
ing over more than two oestrus eyeles, with only one excep~ 
tion, they showed no indleations of the oestrus cycle, that 
ia, no open vaginas 

Mieroscople examinations of the uteri revealed a def< 
inite pattern of endometrial hyperplasia (fig. 1). The 
glands were dilated irregularly, the epithelial lining was 
high colummer and pesudostratified indleating the effect of 
eatrin, The cells of the strowa were saall, compact, and 
appeared shrivelied, The glands, which were usually large, 
tortuous and numerous, contained secretions or coagulated 
serum (fige 4)« 


Group II (Positive Controls) 


The endometriun of these animals, in contrast to those 
receiving deficient amounts of vitamin C, contained small 
glands which were not dilated (figs 2). The cells of the 


stroma was loosely kmit, the celle were large and well fills 
with protoplasm (figs 2 and fig» 3). These characteristics 
indicated the predominance of the corpus luteum hormone. 
Group Iit 

This group consisting of those receiving orange juice 
at the rate of 3 m)./500 gm. body weight, did not give birth 
to young. When the vitamin ¢ intake was limited, they re« 
sponded in several ways (table 1). Following successful 
copulation, 5<140, S80 and S126 showed no signs of preg- 
oestrus period, no sign of pregnancy was apparent. The re- 
maining four (S04, S106, 5-42, S104) gained in weight 
with no return of the oestrus cyele until 25 ~ 351 days of 
gestation, At this time an open vagina, which in most cases 
was accompimied by vaginal bleeding, indicated that prog- 
nancy was not proceeding normally. In ell cases, dead om- 
bryos in the proeess of resorption were found when the ani« 
mals were killed, 

Misreseopic examination of the endometrium revealed di- 
lation of the glands, and the presence of secretions. The 
The stroma cells were irregular, small and heaped, giving 


the appearance of being blurred, Thig presented a typical 
picture of endometrial hyperplasia. 
Group Iv 

Of those animals fed crystalline ascorbie acid at the 
rate of 5 ml./500 gm, body weight, four were non-pregnant 
when killed, S112 was aborting at 25 days of gestation and 
S93 was resorbing the embryos after 25 days of gestation, 
S74 gave birth to young. Those which were non-pregnaht 
showed hyperplasie by a distinct alteration of the histoleg- 
ical character of the endometrium, ‘The opithelial lining 
ene case the stroma was edematous. The glands ta the ende< 
netrium of the aborting animal (5-118) were greatly dilated 
and the stroma was characteristically hyperplastic, as shown 
in figure 5. In the uterus of 5-06, exbryos in the process 
of resorption were found in one horn, while the lower hom 
was sterile, In the fertile horn the glands wore not great~ 
ly Gileted nor the stroma very compact, The high columar 
peeudostratified epithelium, however, was characteristic of 
endometrial hyperplasia {fige 7). The sterile horn con« 
tained Gilated glands and the characteristic hyperplastic 
stroma (fig+ 6). The hyperplasia in this animal, however, 
was not as severe as in the one where resorption was occur< 


Ping. In these two groups receiving supplement at the rate 
of 5 ml. orange juice/300 gm, body weight, gestation pro 
gressed for an average period of 23 days before bleeding 


Group ¥ 


in this group of 7 guinea pigs receiving orange juice 
@& supplement at the rate of 6 ml./300 gm body weight, only 
1 female was not pregnant while 2 females produced living 
young during the course of the experiment. Por S76 and Sq 
78, an average of 42 days of gestation elapsed before dif-+ 
fieulties arose, and bleeding was leas frequent than in pre- 
vious groups. As shown in table 1, 5100 and S04 were in 
fair condition, containing live embryes when they were killed 
at 49 days gestation, while 3-58 produced two young, one of 
which was dead at birth while the other lived 2 weeks, 5-7 
gave birth to 4 young; was bred again and was pregnant 56 
Gays before @ bleeding vagina indicated complications. 
These better results indicate that with larger anountes of 
vitamin C, breeding ¢onditions are improved. 

Hyperplasia wee cvident in each case, showing that re- 
productive conditions were not normal but better than those 
with only 3 ml, orange juice/S00 gm, body weight intake of 
vitamin C, 


P Group VI 

of the animals in Group Vi, receiving ascorbic acid 
equivalent to 5 ml. orange julee/S00 gm, body weight, ali 
females became pregnant, 2 females bad live embryos after 
49 days of gestation while 5 females had dead embryos. Only 
1 female was observed to have a bleeding vagina, this occur- 
ring after 34 days of gestation (table 1), 5-122 had re+ 
ceived ascorbic acid supplement since birth, This vitamin ¢ 
supplement, equivalent to 5 ml. orange juice/S00 gm, body 
weight was enough for growth and early pregnancy, but insuf- 
ficient for reproduction, for when the female (5-122) was 
killed after 13 days of gestation, the 4 embryos found wore 
dead, However, S64 produced 2 litters of live young which 
thrived and grew, One young of the first litter (3-122) be- 
came pregnant, as mentioned above. 

Hyperplasia was present in the uterine tissues of this 
group of animals but dilation of the glands was less than 
in those receiving smaller amounts of vitamin © supplement. 

The results from Groups V and VI, each receiving vite+ 
min C at the rate of 5 ml. orange juiee/S00 gm. body weight, 
show that although this intake of vitamin C is not adequate 
for normal and successful reproduction, it is decidedly 
better than the lower intake of 3 ml. orange juice/S00 gm 
body weights 
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DISCUSSION 


Endometrial hyperplasia, previously associated with an 
unbalance of the hypephyseal-ovarian relationship and pro- 
aused experimentally by injection of estrogen, (2,11) has 
been observed in the tissues of guinea pige which received 
Limited amounts of vitamin ©, This condition has not here- 
tofere been considered in connection with the adequacy of 
the diet, 

In animale which naturally ran irreguler cestral cycles, 
Bureh, Wolfe, and Cunningham (3) found eystie ovaries and 
hyperplastic changes of endometrium. They concluded that 
the condition appears spontaneously in rodents as well as 
in women. Thus it appears possible te cause such a condi- 
tion by e disturbing factor which in thie case is vitamin C, 

@here is a question whether there is a reel excess or 
only an apparent excess of estrin, due to a failure of the 
corpus luteum according to Burch, Williams, and Cunningham 
(2). his experiment suggests an apparent extese and may 
explain why with an ineorease of vitamin ¢ the hyperplasia 
is less severe, 

Bleeding whieh often cecure in Swiss cheese hyperplasia 
(2) and the return of the oestrus cycle during pregnancy, 


detected by an open vagina indicating the effect of estrin, 
corresponds with the assumption that there 1s a disturbance 
in the hormone relationship and points to the similarity of 
this condition and the hyperplasia produced experimentally 
(2,3)0 

When the éeily examination of the pregnant animals ro- 
veale@ vaginal bleeding, the animals were killed to prevent 
any risk of losing the results of the experiment. ‘hen a+ 
bortion oceurs the fetuses are often destroyed if the situs 
ation is not discovered at once. 7 

fhe differences noted in the two horns of the uterus 
when only one contained embryos is consistent with the finde 
inge of Parkes (7)» He reported that if one horn of the 
uterus of the mouse is naturally or artificially devoid of 
fetuses while the other horn 1s pregnant, then large dis- 
tended glands appear in the sterile horn during the last 
week of pregnancy. In this experiment the glands were di- 
lated in the sterile horn in each case (5993, S92, Seid, 
$76, S#100). Apparently the difference between the two 
horns existed through much of the period of goatation, be~ 
cause it was found in animale killed after 88, 56, 49, and 
68 days of pregnancy. The comparison of the two horns is 
Sllustrated in figures 6 and 7s 


fhe hyperplasia seemed to be associated with pregnancy 
In each ease where the animals failed to become pregnant 
after copulation, the stroma celle were compact and the 
epithelial lining was peeudostratified but the glends showed 
less Giletion (figs 4)« 


1. Mdometrial hyperplasia, previously associated with an 
produced experimentally by injection of estrogen, has 
been observed in tissues of guinea pigs which received 
limited amounts of vitamin C, 

2. Inereasing the amount of vitamin ¢ supplement beyond the 
evel of 3 ml, orange jutee/S00 gm. body weight (an e- 
mount often regarded as adequate for the guinea pig), 
appeared to decrease the severity of the hyperplasia 

3. The hyperplasia seemed to be asscolated with precnancy, 
It was less pronouneed in those animale whose uteri son« 
tained no embryose 

4, When exbryoe were found in only one horn of a pregnant 
guinea pig receiving limited amounts of vitemin ¢, the 
@ilation of the glands was less pronounced in the fer- 
tiie horn than in the sterile hore 
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tance in all matters pertaining to this studye 
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» le Photomicrograph of section from uterus of guinea 
H-I which received no vitamin C supplement (negative 
- Note the compact stroma and dilated glands 
ristic of endometrial hyperplasia. 
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Fig. 2. Photomicrograph of section from uterus of guinea 
pig S-62 which was pregnant 55 days and received ample sup- 
plements of vitamin C (positive control). The glands are 
less numerous, small, and not dilated. The stroma cells 
are large. 
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Fig. 3. Photomicrograph of section from uterus of guinea 
pig M-2 which was pregnant 8 days. Note the small glands 
without dilation and the loosely knit stroma, 


__ Lumen 


__Epithelium 


__ Mucous gland 


SS a ee 


Fig. 4. Photomicrograph of section from uterus of non- 
pregnant guinea pig S*90 which received ascorbic acid at 
the rate of 3 ml./300 gm. body weight. Note glands are 
numerous, large, and tortous. 
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Fig. 5. Photomicrograph of section from uterus of aborting 
guinea pig S-112 which received ascorbic acid supplement at 
the rate of 3 m1./300 gm. body weight. Note the greatly 
dilated glands contain secretions. 
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Fig. 6. Photomicrograph of section of sterile horn of guinea 
pig 8-100. The glands are numerous and dilated. 


Fig. 7. Photomicrograph of section of fertile horn of 
guinea pig S-100. Note glands are small, not dilated, 
and fewer in number. 
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